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EP 0 713 931 A2 
Descrlptiori 

BAQKGROMND OF THg INVENTIQN 

. 5 t. Field of the Invention . 

■ iTie presertt irwerttipn re^^^^^ a method for manufacturing a thin Zirconia film, and. more particularly, to a method 
^ for nianufacturing a tiiiiri 2 

' J^: fuei ;C^^ :t EVD I m^ 

^:isP:^i:e^ •. .■'.J;-.' ••.>■'■•" V- ' 0-^ 

: : !p a ce^e w :in:^:first stej^^ rea 

• V : r^sei^ 

:";''tiT« surfapie;<bif''^^^ . 
^20;^. jii^,!;.;- :;. . • v. 4?'<pu^+:^N20-^ ZrO^ 4=-4Hei--- -' . ; 

'\ \^ V \ : ; At this: iis subjd|Ct^ to a^^^ yciai- wfiil<^ ^ 

:''^aiibther:surf^ atiripiiphera^ 
V :3; bf the sutis^ 
> vvhiphare th^ 

• : giasi^ntelrMng^^i^ tiiat cith^ijppirti^ in which th^ 

V';;-V - jB^put^^^ ■ ' \- • *. , - - 

.30: - • -yy |h:f Bei^ ^ii^aw^ 

J: .-" / / 2rCU + 202^ ->Zr02 + 4e" + 2Cl2 -ii J- : li^- -^^^ 

■'vj 'i'^'-.ix! .. /v-^;-'-: .: * • ■ 'H;^b+;-2e'' -^:H2^^ \..--- ' : (SY 

. ■ \* " 'x. . . ; 92'i^-:4<'-^2b2 . . C6>:-:.> 

By erT]|iloying the fbregoin^ a fine solid eleclrbiytic film of the order of tens of jim can easily be formed. 

: : : 'y. Woweyer. since the raw TO^^ nriethod; supplied in th^ fprhri erf gas phase, there 

^ .^^^ low, a dp$tly apiparatUs is requirki tb fbrm thb^^^ the filiin fdrrirtirta 

: *^.!??* *® wprsA a fact has been known that use of the perovskite agde. that has been generally used 

as the matierjal for tiie eledfbde of a solid-electrolyte type fuel cell, causes the foregoing material to be subjected to 
^ cpitdsiye igases of rtietal chlorides, chlorine, hydrochloric acid and the like at about 1273 K, which is the reaction tem- 
perature; thus resulting in the material being deteriorated. 

so SUMMARY OF THE INVENTION 

. . It is an object of the invention to provide a metiiod for manufacturing a tinin zirconia film which is capable of manu- 
. fectiurihg a very thin zirconia film having a uniform thickness witii excellent yield attained while necessitating a sinple 
apparatus. 

55 It ls another object of the inyehtion to provide a method for manufacturing a thin zirconia film which is capable of 
; niahufactijrihg a fin and thin zii'cdnia film with an excellent fficiency 

It is andtiier object of the invention to provide a method for manufacturing a thin zirconia film witti which the material 
of electrodes does not deteriorate even if a perovskite oxide is employed as the material of the electrodes. 
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In order to attain the object the present invention provides a method for manufacturing a thin ziroonia fOm conprising 
the steps: 

(a) pr paring a suspension in which peulially-stabilized or stabilized ziroonia particles having electric charges are 
di^ersed in a solvent; 

(b) positioning a pair of electrodes in the suspension: 

(c) applying an electric field between the electrodes, said zirconia particles moving to the electrode and said ziroonia 
partides being deposited on the electrodie by an electrochemical action, ther^ a zirconia film being formed; and 

. (d) sintering the zircohla^f ilm to form a dehsei partially-stabilized or stabilized thin ziroonia fOm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a scheriiatic view showing ah electrophoretic deposition appairatiis applied to a method of rnahufacturihg 
: a tfiin:Zircortia film according to tto 

Rg. 2 i$. a graph showirigi the relationship between the electi^ic concluctivity of; a suspension and.the quantity of 
/addjkJ ibdirie i^^^^^ 

Fig;:3 is a graph shdwirig the depend ziirroriia tb be'tBlj^ibdliy dWc^ 

; ;0f added; iocJine;, . . ^* *. 

Fig. 4 is a graph showing the dependency of the quantity of zircbnia to be electricaliy deposited uppn the tinie Iri 
which the etectrdphbretic depositM^ T " V^^^ ^ ^^^^ . ' 

Fig. S is agraph showing the deperidency of the quantity of ziroonia to be electrically deposited Upon .thei'kpplied 
voltage; 

Fig. 6 shows a photograph of a zifboriia eiectrblyte film manufactured by the method ac^d^^^^ to the present irrvenr . 
tion and taken Ijy a scanning electron microsdope; 
r . Fig, 7 is a graphlshowing the relationship amorig th^ sintering temperature of t^ . 
ipf the output frorn the hydrogjf n^oxygeh a^hcenti^aHon cell and pB X-ray diffraction: intensity of SrZrOa in tiie zirooriia 

iilm;:and:: *' * ; ' ' , . • . . .* • ■ " 

Fig. 8 is a graph shovtnng the ppwer gene 

elecbolytic fOm nianufacfijr^ by tiie m accprdingito the present iriyetition iSiajsplied.- 

DESCRIPTiqWoFTIHE^PREm ; 

In the presem indention; a suspena'^^^^^^ 
electric charges are dispersed in a solverrt. A pair of electrodes is positibned in the susperisi 

app|i€<lib^een:the electip^ zirconia particles mpye tp the eliectrode ard . said iz diepbslted^ 

on the electrode. (Blecti'OChemi(^ly. tticireby a zircpniaifjlm being .formed. The zifcbni^ film iis.siri|tered to a dense 
partiially^iskbiliz^d prstabilizjed thin zirtpnfa f ilnfi. ■ 

llie suspensioni^prep^ or st^^iiiz^ ar^c^H 

. organic splyei^^^^ . 

In the present irrverition, a electric conductivity of t^^^ 
The electric boridudtiyrty is monitored to m quantity of ibdihe. that is consumed when the particles are elec- 

. trophoretjcally deposited on the el ectrode. Iodine in a quantity corresponding to the consumed quantity is further added. 

The electrode, pn.which the partially-steibilized or zirconia particles are deposited, is made of a perovsldte 

solid sdtirtipri (3f Ux^.^ A ^ ) y DOs ; where Ln is ai iekst one lahthanoids. A is at 

. least one selected from a group consisting of Ca. Sr and Ba. D is at least' one selected from a group consisting of Mh. 
Cr and Co, and x and y r^speqtryely satisfy 0 ^Xs 1 and 0,8 s Y ^ 1. 

In the present invention, a thin zirconia film is hrianufactured by employing the electrophoretic deposition method 
with which a thin film is fbrmedby the electrophoretic deposition. Since stabilized or partially-stabilized zirconia particles, 
which are the raw miaterial for forniing the zirconia film, are used while being dispersed in the solvent in a case where 
the fliin ziroonia film is formed by the electrophoretic deposition metiiod, the. yield of tiie raw material can be raised as 
compared with tiie CVD-EVD method In whibh the raw material is supplied by means of vapor of metal chlorides. 

By preparing the suspension for use in the electrodeposition by using the ketone or alcohol organic solvent, gas 
generation is prevented on the surface of the substrate of the electrode when the electrodeposition is performed, and 
therefore tiie density of deposition of ziroonia particles is raised on tiie electrode. As a result a dense film can be 
obtained. Thus, the foregoing metiibd is suitable for forming an electi'olytic film that must be formed densely. By adding 
iodih to the solvent in an appropriate quantity, the electric conductivity of the suspension can be raised, so ttiat the 
quantity of zirconia that is deposited per unit time period is enlarged. Thus, the film can efficientiy t>e formed. 
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Since the eiectrophoretic deposition method is capable of easily controlling the quantity of deposited zirconia in 
accordance with the applied voltage and time in which the electrqghoretic deposition is performed, the thickness of the 
obtained zirconia film can precisely be controlled. 

Furtiiermore, the electric conductivity of the suspension is always rnonitofed at the.time of performing the electro- 
5 phoretic deposition to rtieasu re the iqjuantity of cphsurned iodine so as to further add iodine Jn a quarttity corresponding 
. to the cbnsurned qu4^^ yiher^y.rt^^ this electric oonductiyity at a predeterrriiri^ level, thus, ti^^e film can 

alWays^be^riied:^^ 

Lh is at least pri^ least one seled^; f^^ a ^up condstinig oif.^C^^^^ 0 is at least dri4 

10. Q^ikiciisici^ 

has beeiibl^erali/ius^ 
(theieiectj^ 
• sitipn.:the,erectr(^^ 

/.ration^^ : ''-^^-r ri' '^^'-''^^ 

i; ?' ^ P'^^^^ssld |6fming:a^ desqribedJa^^ exairnpii& pif the/mi^^ : 

y f 

■: . ->.. :.:: • !Ytfria st^ilizeid ziff^ tK^ 4i(^di]^(b;riiate^ 

; ^ ■ : alcdihpis ard: water shbv^ in tabteVi were : used lasf the •sptyerite s^^^ susperisipn^i;^^^^ lise : tri ' the ' elecb^pijh^^^ 
: ;\ ;: v deposition^ Tb acfjust the electric; cbrid 

: : ; ■"time, zirconia^pirticjesjwe^ addied iby 1 0 g .wth : r espert to t- liter b^^^ • : • : ^ • / : • 

■ / rnie thusisr^p^ 

, ^ siilficientiy. . - ^ . . • . 

:" %: \\h :a'-suisf||iiin^ -^^^;A- pljali^ 

;y;:;J-:::;-;jL!% 

;;3^;^Vpiatiritim 

' I • ^ : a^ r^ulti^^a gre^ T^^iB^fli^fin^^ fi^^-:i^!f^ 

■; :: : >. w^ inihe^jn sirt 

'*:iBO";tiiatia;dense;:^^ '..;:'rXV-w :V<^^^^ ^^^l-C'-y'- 

" ;: !Rg;;2 |s a g^ conduct . 

'■ . suspeiisipn at298iK;( 25^0^ :)^ere sioetyia^^^ 

■ . tKgrt the 

: :^hpwih& bf added of /^ertric^ 

.; casewhe^b^ 
y depositipniW^ 

,40; .\^ue wit^ re faicte; h^e been po^ 

' j pf^d^ ipd ppn^^ and ih^i^b 

quantity, df :^^^^^ of added ibdine exce<Kls a p 

be cpntrblled^i^ thatthb eli^lc'i^ maiintaiined at apr^et^nnane^ That is^if the eleii^fc 

' 4is:-. ' cohductiyity of the suspenision is. during the eiectrophoretic deposKioh. maintained within a range near the value, at 
which the quantity of electrically deposited zirconia becomes the maximal value as shown in Fig. 3. a film can be fbi^med 
; • efficieritiy such thata large quanta time can be realized. Another fact that the film 

thichvilK;.s can be contirolled accurately can be urKferstood. Therefore, it is preferable that the quantity of icdirie to be 
added be (cletermined in such a manner that the electric conductivity of the suspension, is included in a range near the 
SO- rraxint^ yaliie shown in Rg. 3. Note that the maximal quantity of eiectrophoretic deposition is not deter rttined simply in 

■ accordance with tiie quantity of lodine>and the electric conductivity because it also depends upon the concentration of 
zircbnia.partides. 

Table 1 shows film forming conditions, the quantities of electrically deposited zirconia and the film qualities with 
various solvents in a case whiere respective filiiis have been formed in accordance with tiie foregoing procedure. 

55 . 
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[Table 1] 



Soiveht 


Quantity of added 
iddinfi leiA) 


Applied 


Time in which elec- 

trodeDOsitian is 
■perfomied (min) 


Quantity of electri- 
cal I v fffinn^itfiiH 7ir«' 
conia (nrtg/cm?) 


Quality of 


- -Acet vtiac6torid * ' 


0;6 


10 


"5 


14.6 


uniform 

Ml IIIWI III 


' ■■ Acietticih A' = - 


0.25 


300 


5 


2 1 


i iiriifnrm ' 




."0.2 


100* 








Ethahpi: 


••-••■6.6;- ■ 


.100 


'3*.;. 


• -■. 38:3;; T- 


rilany crac^is :: 


:^tone|;-: :-;-;/^i:v:": . : 








-.^ j3:8;;---; 


; nridiriypa^ 




/;v;:o:2s-/:^ 






:.:;";;5:6:;..Vv 




::none; i^:-^^ 






':T -VY.;*. 




•inoivun 










.yeiy-smiEBliq 


dbt^like ;sha^ 




■[■:[■ '■{. -bisi:;;; 






Ve^ 






...^;a.2:- 






; ivery sam^ quantity • 





: . As shown in Tab^ 1 . when 3-pentan6ne, 4^ 
•useda^t^e 

•:;;unsatisfec^ '^^}:^.:r' -^^ ••;':v:-|V^V! \ ...V.^ ■ " • ' • 

\ :>i^vy^n^etha^ ectricaiiy de^sii^ i^Eu0 tF^ 

: aL'spme^ 

'^dase;and:'^ 

:\A^en;ac^afc^ pki|a^ 
ofeiect^^ 

/'the!ieleMCtixiph^ '■ ^S^^Pt-'f^^^--^^"-''- ••vY 

■*;Jin;i5articM!a^ 
depos^ 
assho^ 

d^Pf^o^ On ttlei cpriitrairy^ erf efe^ depiosiit(^ 

Vzirconia^^ 

shCMmipiii' fllrticxiijldiric^ 

:x^Fig^ 5|^he^^ Srtpft^^^aind ;the qiu^^ of ^ectnc^lly^^ a 

case wH ( the time in iwN the^le^ophoretic di^pi^itibh vms pert brmed:^ 

.miiiiji^ I2: p;6 ;i^tte»^^ As:x^ be uiider^b^ 5, change In :tt^^ 

asi^ajbilW^^ 

On the bksis of th^^ resujt, acetyl^ceibne was u^ asthe soh/ent stabilized zirconia psirticles were added 

at a rate of 10 g/l|tter and iodine was added at a rate of 0.5 g/litter so that a suspension was prepared, and the electro- 
phoretic deposition was performed under conditions that the applied voltage was 20 V arid the time in which the elec- 
trophoretic deposition was perfbrrned yvas one minute. Wheri the electrophoretic deposition was perbrmed. the electric 
condi^iyity of the suspension was atways monitpred to control the quaritity of iodine to be added in such a manner that 
the electrtc conductance w^sset iri a r^g^e of 1 x 10 ~5 to 1 x 10 '3 Scm ~i with which the quantity of electrophoretic 
deposition was made to be the maximum value or in the vicinity of the same. 

The obtained film in tiie green state was dried at roorn temperature, followed by being sintei^ed in the air at 1S23 K 
to 1573 K. 

The foregoing electrophoretic deposition and sintering processes were repeated 5 to 6 times under the same con- 
ditions, so that a dense zirconia electrolytic film was obtained. In the foregoing case, the quantity of electrophoretic 
deposition was controlled by means of parameters of the voltage and the time, so that a zirconia film was obtained which 
had a thickness of 1 to 100 |im. which was an appropriate thickness range for a solid-electrolyte type fuel cell. 

Fig. 6 is a photograph taken by a scanning electron microscope ( SEM ) and shows a zirconia film obtained by, five 
times, repeating elisctrophoretic deposition and sintering ( 1 573Kfor 6 hours ) on the Lao.83ro.2Mn03 electrode substrate 
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and having a thickness of 10 ^m. As shown in Fig. 6, a fact was confirmed that a ziroonia electrolytic fOm having the 
surface that exhS)ited.e}a:ellent smoothness was obtained under the foregoing conditions. 

Then, Ni was applied to the surface ( which vyas the surface opposing the Lao gSro^MnOa electrode substrate ) of 
the thus-formed zirconia electrolytic f ilhi so that a fuel electrode wais formed and; thus, a hydrogeri^oxygen coriceritration 
5 . cell was mianufacture^^ 

Fig. 7is a:graph show^ 

of ijrie quipiLAJr^ a>nc^ritr^9n C(idl.and the diffraction intensify of & 

fiirfi/Assho>ftm jn;R of#e putp^^^ 

the sintering: ^nc^ias a.;re8Ult bf indjcatcid-Whe . 

10 thb ziroqnla^^^^ was sintei^^iat 
>: . : '} Saise lheide^ 
; . ; be in^^ 

y the-eftB^ b^icorhes 

^fi^r:'T' .vTlheri|itf^^^ i^^ecArp^ f 

•=^'\'f-tiri?esiS^ 

: \^ a shortncircMit^^e^^ 

; : eledromptiyef ^ of;i .02 cons jderilbiy ap^ a'thebretibal ;cipen;^ircult^d^ [lydrogeiyG^ 

^:^,!j^^en:i^e\^ ^ • ; ■r'^iy;:^^:^:^:.::^^ :-:>-<r::- -i-ylv -"j^i; ^^^i:-; }}:•;•}; -^-y^^'l'liiii^'y^i-:. •? ■ ^fy^':^:": : ■■ 

; ■ >MtHougli yttiri^^ 
• V. .. . js:n6t t^^ 

•t: "v-:.qtian^irT^ \ • . ': *' ' . . 

1^ ■'■■]'y : :As;cies 

,\^>. ;phpr(rtic d^ 
; e»ce 

origjariic TOl^elrrt. gks gip^ on the surt^ce;^ 
::, f eiliBcti-qph^^ 

- ;;. rai|^ 
c;^:: . thmira 

:v.:^y---';suspen 
^^;Vx^:the 

.: ; - : . "and'lia^ O'siX;: s^ii", 

*:?35:{-?j^nd^p|^^ 

:.js:;MS«§l^^ 
;• ; ; V t*?e el^^^rof^^ 
. iprocess.^^ 
\f.:depoi^pn5!sc^ 
i zirpbnlafi^ 

• : / ac6^ ^ presf^t irH^^ electrbriibtive 
terce^^^ eisjl artd has^^^ power generating therefbre., the ziroonia fflm 

. ; apcording%t^^^^^ is signiificairitiy siuit^ie foruse in aisolid-electroiyte.type fuel celi. 

^:45:; 'CjainiK^". 

1. A method for manufacturing a thin zircdhia film comprising the steps: 

(a) preparing a suspension in which partially-stabilized or stabilized ziroonia particles having electric charges 
50 are di^ersed in a solvent; 

(b) positioning a pair of electrodes in the suspensbn; 

(c) applying an electric field between the electrodes, said zirconia particles moving to the electrode and said 
ziroonia particles being deposited on the electrode electrochemically, thereby a zirconiaf ilm being formed; cmd 

(d) sintering the zircoitia film to form a partially-stabilized or stabilized thin zirconia film. 

sis . 

2. The method of claim 1 . wherein the suspension isprepared by dtepersing the partially-stabilized or stabilized ziroonia 
particles in a ketone or alcohol organic solvent. 

3. The method of daim 1 , wherein the organic solvent is acetytacetone. 
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4. The method of claim 1 , further conprising the step of acljusting a electric conductivity of the suspension by adding 
iodine to the suspensi n. 

5. The method of claim 1, further compnsing the steps of: 
5 adjlsting a electric conductivity Of th^^ 

rtidnitonng the ele^ c Jhductiyity cf^ suspension to measure a quantity of iodine that is consumed when 
. . tKe^ahicl6s:a^^^^ 

aiding iodine ih a^ 

10 6. The method of dairH l ,^ the paiiieUly-stabiH^ or stat»lized zirconia particles are 

. djepdsited^ vAi&e lh isi^ilj^^- 

:. otneilsi^ <»r^isttri^ iSr sLnd Ba, D is at least one selected frafn '! 

: groupicoris^ i X i^l aiid Y s i. 
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